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(71) * I, Charles FkANas Martin, of 
P.O. Box 197, Porter, Texas 77365, United 
States of America, a citizen of the United 
States of America, do hereby d^are the 
5 invention, for which I pray that a patent 
may be granted to me, and the method by 
wfai^h it is to be performed, to be parti- 
cuiariy described in and by the following 
^tatem^t:-r- 

10 The invention relates to forging apparatus 
for connecting tubular bodies together to 
form a confined passage. The specific field 
of the invention relates to the connection of 
tubular bodies such as pipes. In the detailed 

15 exemplaiy description to follow, the inven- 
tion is described for connecting together 
underwater pipelines, J-tubes and other sub- 
merged bodies. 
Joining together submerged pipelines hasi 

20 presented special problems because conven- 
tional welding techniques and other conven- 
tional joining procedures cannot be em- 
ployed underwater. If conventional welding 
is to be attempted, an evacuated chamber 

25 must be positioned around the area to be 
welded. These chambers are difficult to 
manage and in some cases their use is either 
impractical or impossible. 
A variety of mecham'cal connectors have 

30 been employed in an attempt to secure the 
ends of pipelines together below the surface 
of the water. These devices are secured to 
the pipeline ends by mechanical gripping 
means, in some cases with the use of das- 

35 tomers or adhesives and by a variety of 
other means. The resulting joint is frequently 
unreliable because, the mechanical means 
slip, the elastomers fail and leak, the adhe- 
sives do not secure or the joint is improperly 

•40 secured so that no seal is effected. To the 
extent that conventional connectors have 
required divers to perform complicated pro- 
cedures and use clumsy tools, the devices 
have been unsatisfactory. While divers can 

45 perform simple procedures such as thread- 
ing a nut onto a bolt, more complicated 
procedures are extremely difficult and time- 
consuming. 
Any joint which has a restricted internal 

50 opening is undesirable because it is fre- 



quently desirable or necessary, to run.dcvices 
throng the pipeline. For this reason, con- 
ventional connectors which require internal 
gripping devices and other means restricting 
Sie internal passage of the pipeline are un- 55 
satisfactory in many applications.. 

The problems of attempting to join sub- 
merged pipelines are compounded when the 
ends of die two Hues are misaligned. In many 
cases, the ends of ^e pipelines cannot be 60 
shifted and it becomes necessary to connect. 
the. ends with a connector which can suitably 
a^ccommodate the misalignment 
. Generally, conventiomd underwater pipe 
connectors havjs been difficult and expensive 0 
to use and the joints made by such connec- 
tors have been prone to failure. 

According to the present invention there is ' 
provided a forging apparatus for exerting a 
laterally outwardly directed forging force on 70 
the internal surface of a surrounding body 
comprising : 

(a) a rotatable mounting means; 

(b) a plurality of tapered rollers, each of 
which is rotatably carried along its lon^j. 75 
tudinal axis in said mounting means for roll- 
ing engagement over said internal surface of 
said surrounding body; 

(c) a tapered spreader means carried by 
said mounting means and disposed c^tcally 80 
of said rollers and . in rolling engagement 
therewith; 

(d) hydraulically actuated extending 
means for moving said spreader means along 

its central longitudinal axis for extending §5 
said rollers radially; and * 

(e) rotating means for rotating said 
rollers. 

By virtue of the present invention pipe 
sections can be connected together by cold 90 
forgin^5 the inside end of one pipe section 
laterally outwardly into a surrounding collar. 

In one embodiment, the collar may be the 
end portion of a second pipe section so that 
the forging connects the two sections to:^ ?5 
gether. The second section may in turn be 
one end of a pipeline or may be. one end of 
a flange fittinp or one end of another type 
connector or other device. : 

in another embodiment, the collar may 100 



3EST AVAILABLE COPY 



2 



2 



be separate from both pipe sections in whiph 
ca^, the ends of both 'section^ are simul- 
. .taiheousIy.fQrged into the <X)Ilar to connect 
/.' the sections together. Indexing means pro-. 
5 vided within the coflai- permits the two pipe 
ends to be properly positioned before the 

^ . joint is forged,r : ; ■ . 

. The:, collar is preferably provided with an 
^ ..internal recess. When the jpipe end is forged 

10 into the collar recess, a joint is produced 
having a metal-to-metai seal with the con- 
nected pipe and collar being mechanically 
lodced together by the forged metal. 
FiDer material, preferably in Uie shape of 

15 a ring, may be positioned m the area of the 
joints formed by the present invention to 
assist the forging in locking and holding the 
sections together or to produce a smooth 

•* bore opening through the joint which is of 

20 substantially the same size as the opening 
throu^ the pipe sections, or for both pur- 
poses. Indexing means on the filler ensures 
proper positioning of the filler on both pipe 

• ends before the joint is forged. The filler 

25 indexing may also cooperate with collar 
indexing to provide proper alignment of the 
pipe ends, the collar and the filler before 
the joint is forged. 
An annular chamber may be formed ex- 

30 temally of the joint during the forging pro- 
cedure. This chamber- prevents fluid enti:ap- 
ment which might interfere with the joint 
. formation. Pressurized test fluid may also, be 

^ applied to the chamber to test the joint for 

35 leakage. The test is preferably conducted 
with the forging assembly in place, so that 
further forging may be quickly and easily 
performed if the joint is unsatisfactory, 

" The second pipe section may be a con- 

40 nector . which connects the first pipe section 
to a third pipe section. The connector may 
be pre-shaped at the surface to accommodate 
a known misalignment between the first and 
third pipe sections. 

45 . Xhe connector may also indude one or 
.more rotational couplings formed by two 
adjoining curved sections. With the con- 
nector in the water, the sections are rotated 

- as required to provide a total curve in the 

50 connector which will accommodate the mis- 
alignment of the first and third pipe seg- 
ments. The misaligned pipe segments are 
secured together througji the connector by 
forging the connector onto the ends of the 

55 pipe segments and forging the rotational 
couplings to form rigid, leakproof joints. 
The. forging assembly may include plural 
forging means, prepositioned within the con- 
nector, so that all of the joints may be 
. 60 formed simultaneously. 

• Where the joints to be forged are not 
accessible from the ends of the pipe sections 
or connector, the necessary power for forg- 
ing the joints is supplied to the forging 

65 assembly through lateral openings in either 



^ the pipe sections or. the connector. These 
• openings are capped or Otherwise s6ailed 
when the joint , is made .and the foiging > [ 
^ assemblyr then is moved through the .pipe '* 
seclidns,to a trap or other access place frolii 70 
which tlie assembly is removed- 

The- preferred forging . apparatus of the 
present inventipn includes a plurality of 
tapered rollers which are . rotated about the 
internal surface of the joint The rollers are 75 
carried in a mount which is rotated by 
external powering means. A cone disposed 
centrally of the rdlers is driven longitudinally 
by hydraulic pressure to force the rollers 
latendly outwardly. Extremely high, pre- 80. 
cisely controDed for^ng forces are obtain- 
able using this apparatus. 

From Sie foregoing, it will be appreciated 
that the joint of the present invention pro- 
vides a metal-to-metal seal in which tubular 85 
bodies are physically locked together with- 
out use of welds, mechanical gripping device, 
adhesives. elastomers or other similar devices 
or materials. The joint may include a cham- 
ber which perniits testing of the joint while 90 
die forging equipment employed in forming 
the joint is still in place. By this means, 
additional forging forces may be exerted on 
the joint if leakage is detected. The filler .> 
material provided in the joint area assists 95 
in loddng the joined components together . 
and may also be employed to produce a joint 
opening which is tiie same as the opening 
through the pipe sections. As a result, pigs 
and other pipeline devices may freely pass 100 
through the joint. . 

V The use of pre-ciirved connectors or ad- 
justable connectors \^ch may be connected 
by a simple forging process, and then tested 
for proper sealing^ permits misaligned sub- 105 
merged pipe sections to be quickly , and 
easUy joined. 

- The joint, the method of fonning the joint 
and the apparatus employed in producing 
the joint are readily adaptable to underwater 110 
en\dronments and may be employed by 
devices without special equipment or the 
need for difficult manipulations. 
' Embodiments of the invention, will now 
be described, by way of example, with ref- 115 
erence to the accompanying drawings in 
which : — 

Fig. 1 is a perspective view illustrating 
a submerged pipeline and J-tube connection 
employing the joint fonned by forgmg appa- 120 
ratus of the present invention; 
. Fig. 2 is a side elevation in quarter section 
and partially broken away .Dlustrating a 
for^bog assembly forging the end of a pipe 
section Into the end cofiar of a flange con- 125 
necton , . . 

Fig. 3 is a vertical cross section taken 
along thelin.e 3— 3 of Rg. 2; 

Fig. 4:is ;a partial vertical cross section of 
the joint formed by the apparatus of Fig. 2; 130 
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- Fjg.. 5' is a partial vertical cross ^section 
illustrating components included in a modi* 
fied joint; 

Fig. 6 is a view similar to Fig. 5 illustrat- 
es ingthe jomt after forging; 

. Fig. 7 is a partial vertical section illustrat- 
ing a modifiediorm of joint;. 

Fig. .8 is a view similar to Fig. 7 illustrat- 
ing the joint after forging; 

Fig. 9 is a horizontal cross sectional view 
illustrating a modified forging assembly and 
preformed connector employed to secure ^e 
ends of two misaligned pipe sections to-; 
gether, ' ' . 

IS Fig. 10 is a hbrizontal cross sectional view 
illustrating another modified forging assembly 
and an adjustable connector used to connect 
two misaligned pipe segments tog^er; . 
Figs. 11 and 12 are partial vertical cross 
^ sections, before and aiter forging, re^ec- 
tively, illustrating a modified joint; 

Figs. 13 and 14 are partial vertical cross 
sections, before and after forging, respec- 
tively, iUustrating still another joint; 
25 Hgs. 15 and 16 are partial vertical cross 
sections, before and after forging, respec- 
tively, illustrating still another form of joint; 
and 

Fi^. 17 and 18 are partial vertical cross 

3P. sections, before and after forging, respec- 
tively, illustrating yet another form of joint 
Fig. 1 is a schematic representation dq>ict- 
ing exemplary applications of the forging 
apparatus of the present invention. In the 

35 . application illustrated in Fig. 1. the inven- 
tion is employed to connect together under- 
water pipeline sections and other underwater 
conduits. The Figure illustrates a production 
platform A on which is mounted a storage 

■40 tank ST which receives oil from a well con- 
duit WC. The oil in the storage tank is trans- 
ferred via a riser pipe RP to a submerged 
pipeline segment S which connects through 
a T fitting Tl to a submerged pipeline indi- 

-45 cated generally at P. 

The pipeline P is comprised of a series of 
pipe sections PI, P2, P3. P4, P5, and P6. 
The pipe sections are connected together by 
a variety of coupling or. joint devices which 

^0 are formed by the apparatus of the present 
invention. SimOarly. the connection between 
the riser pipe RP and the submerged pipe 
section S as well as the connection of the 
section S to the connector Tl employ joints 

55 formed by the apparatus of the present 
invention. 

The connections between the riser pipe RP 
and the submerged section S are provided 
by mating flange connectors FC Similar 

•60 flange connectors FC connect the section ^S 
to the T-connector Tl which in turn is con- 
nected, through flange connectors FC to the 
pipe sections PI and P2. Pipe sections P2 
and P3 are misaligned on the sea floor and 

'^5 are connected together by an adjustable 



curve connector CI. As will be described, 
the connector CI can be manipulated by 
a diver to accommodate the misalignment 
between the pipe sections P2 and P3. 

A pig trap. PT connects sections P3 and 70 
P4 and is employed to insert or remove 
physical devices from the pipeline which are 
employed for measuring the pipeline or 
which may be employed in accordance with - 
the present invention to form the connettor 75 
joints which secure the pipeline segments 
together. 

A midline connector C2 connects pipe 
section P4 widi pipe section P5. A fixed 
curved connector C3 joins misaligned sec- 80 
tions P5 and .P6. The connector G3 is pre- 
formed, at the surface and has a fixed cur- 
vature to accommodate a known or pre- 
determined misalignment between the pipe 
sections P5 and P6. . 85 

Each of the connections illustrated in Fig.. 
l,and a variety of others, may be nOade using 
the apparatus of the present invention. 

Fig. 2 illustrates details of the invention - 
as it is employed to connect a flange con- 90r 
nector. onto the end of a first tubular body«. 
such as the pipe section S. The flange con- 
nector FC is a tubular body which has an 
end portion or collar 11 disposed over the 
end portion 12 of the pipe section S. The .95 
opposite end portion 13 of the flange con- 
nector FC includes a conventional flange 
plate 14 which is provided with a plurality 
of circumferentially disposed, longitudinally - 
extending bores 15. The bores 15 are em- 100 
ployed in customary fashion to receive bolts 
(not illustrated for securing the flange plate 
14 to a similar, opposing flange plate in- 
cluded at the end of a mating flange con- 
nector. 105 

A locking recess 16 is formed along the 
internal surface of the collar 11. In the form 
illustrated in Rg. 2. the recess is substan- 
tialv annular and includes a substantially - 
cvKndrical surface 16a, a shoulder 16b. a 110 
sliehtly tapered surface 16c and an undercut • 
surface 16d. When the end portion of the . 
pipe section S is inserted into the end open- 
ing of the collar 11, an overlapping ioint 
area is formed between the two bodies. 115 
Registry of tfie end of the pipe section S 
with the undercut section 16d provides a 
stop which ensures proper relative position- 
inc between the pipe section and collar as 
required to form a correct ioint. As will 120 
hereinafter be more fully explained, forging 
of the pipe section end portion 12 into the 
collar 11 in the overlapping ioint area pro- 
vides a substantially smooth internal surface 
between a central, lontntudinally extending 125 
passage 17 formed in the flanee connector 
FC and a central. Icncitudinally extending 
passace 18 formed in the pipe section S. 

The internal surface of the ioint is best . s 
illustratisd in Fig. 4 as it appears following 130 
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the forging operatioa An annular chamber 
19 is formed externally of the passage 18 
when the joint is form^. As will be appre- 
ciated from inspection of Fig. 4, the end 
5 of the pipe section S cooperates with the 
. configuration of the. recess 16 to form the 
annular chamber which endrcles the joint 
A passage 20 extending through the coUar 
11 functions as an access means to the 

10 chamber 19. The access means 20 provides 
pressure communication between the cham- 
ber 19 and an area external to the chamber 
to prevent entrapment of fluid within the' 
joint during die joint formation and to per- 

15 mit pressure testing of the joint while the 
forging apparatus is stai in position. ■ 

An internally threaded receptacle 21 
formed in the collar 1 1 is connected to an 
hydraulic line (not iUu^ted in Fig. 4) 

20 during the forging of the joint. The hydraulic 
line functions to bleed off pressure developai 
in the fluids trapped between the collar 11 
and pipe S as the joint is being forged. 
Hiereafter, pressure applied through the 

25 hydraulic line is emptoyed to test the sealing 
ability of the joint After a successful joint 
is formed, the hole 21 is closed with a 
threaded plug 22. 
One form of the forging apparatus of the 

30 present mvention is indicated generally at 
30 in Figs. 2 and 3. The apparatus 30. like 
other embodiments of the invention des- 
cribed herein, is employed for exerting a 
laterally outwardly directed forging force on 

35 the internal surfaces of a surrounding body. 
In Figs. 2 and 3 of the drawings, the primary 
surrounding body is the pipe section S which 
is being forged into the surrounding collar 

40 The forging apparatus 30 includes a rota- 
table mounting body or cage 31 within which 
are mounted a plurality of tapered rollers 

32 constructed in the form of truncated^ 
right circular cones. The rollers are mounted 

45 for rotation along this longitudinal axis 
within the cage 31. During the forging opera- 
tiourthe rollers 32 are forced lateraDy out- 
wardly into rolling engagement over . the 
internal surface of the surrounding tubular 

50 body. Each roller is equipped with end pins 

33 which are received within semiTcircular 
mountmg plates 34. The plates 34 are in 
turn received within semi-circular recesses 
35 formed in the cage 31, Axially extending 

55 pins 36 extending from the plates 34 are 
held laterally inwardly by a garter spring 37 
\^ch encircles the cage and engages each 
of the pins 36 and -eadi of the plates 34. The 
mounting assembly comprised of the end 

60 pins 33, plates 34. recesses 35. pins 36 and 
springs. 37, are exemplary of means for hold- 
ing, the rollers 32 in place to prevent them 
from falling out of the foi^g assembly 30. 
Hie mounting assembly also pOTouts the 

65 rollers to be.easily removed and replaced as 



may be required for repair or to forge dif- 
ferent size joints. Any suitable means, how- 
ever, may be employed for these purposes 
provided only that the rollers 32 are rotat- 
ably mounted, positioned and retained with- 70 . 
in the cage 31 as required to exert the neces- 
sary forging forces onto the surrounding 
tubular body. 

The forging assembly 30 includes a cen- 
trally positioned, truncated, ri^t circular 75 
drive cone 38. The outer conical surface of 
the drive cone diverges from its central axis 
along the same angle of divergence present 
in the outer conical surface of 5ie rollers 32.. 
The outer conical surfaces of the rollers ride 80 
against the outer conical surface of the cone 
38 with the tapers of the roDers and the 
taper of the cone being oppositely disposed 
so that the rollers contact die surrounding 
tubular body which is to be forged along 85 
tangential lines ^ch are parallel to the 
central axis ctf the tubular body. 

The cone 38 is movable longitudinally 
relative to the roDers 32, Because of the 
taper in the surfaces of the cone and rollers, 96. 
longitudinal movem^t of the cone in ^e 
direction of the arrow 39 causes the rollers to 
be moved laterally outwardly. The cooperat- 
ing action between the rollers and cone pro- 
vides extremely large radially directed forg- 95 
ing forces which msiy be precisdy control!^ 
by altering the longitudinal position of tiie 
cone relative to the rollers. 

Longitudinal movement of the cone 38 m 
the direction of the arrow 39 is effected by 100 
applying pressurized hydraulic fluid to an 
annular expansion chamber 40. The fluid is 
initially admitted to the forging assembly 30 
throu^ a hydraulic line 41 ^ich connects 
through a hydraulic swivd 42 to a central 105 
bore 43 in a tubular shaft 44. The swivd 42 
is a conventional apparatus which provides 
a sealed transfer link between the stationary, 
non-rotating hydraulic line 41 and. the rotat- 
ing shaft 44. Fluid in the bore 43 is com- 110 
inunicated thrbugh a transfer bore 45 in a 
transfer tube 46 to a longitudinal opening 
47 and radial opening 48 formed in a center 
shaft 49. The shaft 49 extends through a 
splined connector sleeve 50. An annular 115 
opening 51 formed between the sleeve 50 
and the shaft 49 completes the fluid path to 
the chamber 40. 

The application of fluid pressure to the 
fluid chamber 40 exerts a force on an an- 120- 
nular piston 52 forming one portion of the 
expansion chamber 40. The pressure dif- 
ferential acting across the piston 52 moves 
the shaft 49 in the direction of the arrow 
39. This mbvemrat is transmitted throuj^ 125 
a nut 53 threaded to the end of the shaft 49 
to' an aimular spacer 54 and to a torque 
plate 55. Bolts 56 secure the torque plate 
55 to the cone 38. Spline elements 57 formed 
internally of the cone 38 mate with spline 130* 



elements 58 formed on the external sMace 
of the sleeve 50 to jpermit refefiVe longi- 
tudinar movement between the^ Sleeve &ttd 
cone while previenting rdatiye rotational 

• 5 movement between the two compoiients. ^O- 
ritig seals 59^ 60 and 61 form sealing afid 
sliding engagement between the componedts 
which' are engaged by these seals to 'provide 
a pressure-ti^t fluid path to the chambier 

10 40 while' simultanedudy permitting relative 
longitodinal displacement between the com- 
ponents. * 

The body 31 is fixed longitudinally Onto 
the sleeve 50 by a snap ring 64. A thrust 

15 bearing 65 is positioned between the tw<5 
components to permit relative rotational 
movenient between the two and to accom^ 
modate the aXially directed forces induced 
during the forging, process. A bearing seal 

20 (56 isolates the bearing 65 to assist in keep- 
ing it clean. 

Rotary beariihgs 67 and 68 and 69 support 
l3ie rbtatable portiorts of the forging appa- 
ratus 30 within a surrounding, relatively 

25 stationary holding assembly 70. The Holding 
assembly 70 is employed to secure the forg- 
ing assembly 30 to the flange connector FC 
and to house a ring gear 7r employ«I to 
impart rotary motion to the shaft 44. The 

30 assembly 70 includes a base plate 72 which 
is secured to the opening 15 hi the Hahge 
plate .14 by bolts 73. The bolts are tequired 
only to hold the assembly 70 in place , and 
may be of the type which may be positioned 

35 and removed by hand, without the need for 
a wrench or odier tool. Art opening 72a in 
the plate 72 is employed as an attachmeiit 
ineans for a line which is . used to assisVih 
lowering and properly positioning the forg- 

40 ing assembly. ' 

The base plate 72 cooperates with side 
walls 74 and a rear plate 75 to form a rect- 
angular, box-like housing positioned over the 

. . ring gear 71. A centering guide 76 is bolted 

45 or otherwise suitably secured centrally of 
the base plate 72 and a second centering 
guide 77? Is Suitably secured to the rear 
plate 75 to provide aligninent and support 
for the shaft 44.^ The rotary bearings 68 and 

50. 69 assist iri maintaining the shaft in place 
^nd reducing the frictional forces between 
the rotating shaft and the stationary holding 
assembly. An annular seal ring 78 positioned 
. . about the shaft 44 and held in place within 

55 the centering guide 77 prevents water arid 
debris from entering the ring gear housing. 
'The holding assembly 70 comprises a part 
. of the forging assembly 30 and the Com- 

ponents Of both are connected together to 

60^ folrm ' a composite, unitary aissembly which 
is;- removable from the flange conneetor FC 
by' removal of^the bolts 73. Siimlarly, when 
placing the forging assembly 30 in position; 
the end of the assembly, including the rollers 

65* '3V is introduced -into the' opening of the 



flange connector FC-^d pushed forward 
until the base plate 72 engages the flanjge 
plate 14. -The. bolts 73 are then positio'nwi 
to hold the forging assembly in place a^ 
illustrated ifi Fig. 2, ■ ; 70 

Rdtaiy power' is applied to the ri^ng gestif 
71 by one or more hydrjiulic motors 79 whfph 
are bolted onto the rear plate 75. Ports 80 
arid 81 to the motor 79 are employed ih\ 
customary, fashion to cornmunicate pres- 75 
surized fluids to the motor for powering the 
assembly; The motor 79 rotates a pinion gear 
82 which is engaged with the ring , gear 71 i 
Suitable gearing means (riot ilfustrated) are ... 
employdj to .provide the required, power 80 
reduction between the motor 79 and the 
ipiriion geisir 82. While only one motor 79 
is illustrated, it will be appreciated that two 
or riflore such motors may be employed. : 

Rotation of the pinion gear 82 rotate? the o5 
rinp gear 71 which is keyed or otherwise 
rigidly fixed to the shaft 44 causing the shaft 
to rotate also. Shaft rotation is transniitted 
through a connector piece 83 secured to the 
shaft 44 by bolts 84 which also are engaged 90 . 
with the base of the spline connector sleeve 
50. Accordingly, as the ring gear .71 rotates; ' 
the sleeve 50 also rotates whidi in tiifn func- 
tions through the splined connection with . 
the eone 38 to . impart rotary motion to the 95 
cone. Rotation of-the sleeve 50 rotates, the 
cone 3i which, because of its;.to.uc&ing 
engagement With the rollers 32;' cau^ .the 
rollers to rotate arid, move along the internal 
surface of the pipe section S. This roller 100 
movement Iri turn causes the mouiiting bbdy 
3rto rotate i^ative to the splined sleeve 50^ 

Ah O-ring seal 85 positioned between the 
connector 83 and the sleeve .50 cooperates . 
with the p-ring seal 62 and the piston seals 105 
61 and 60 to. define a compression chamber 
86. This chamber is charged with air/fol 
example to a pressure of approximately 100 
psi, and functions as a return nfiechanism 
for returning the piston 52 in a direction 11<) 
opposite to that of the arrow 39 when the 
pressure of the hydraulic fluid in the cham- 
ber 40 is relieved. Return of the cone toils 
extreme right-hand position as. viewed iil 
Fig. 2 assists in removing the assembly 30 115 
from the joint area after the joint' has -^eeii 
forged. It will be understood that the posi- 
tion of the piston relative to the sleeve. 50 
illustrated in Fig. 2 is an intenriediate p6si- ., ^ 
tion and that when the hydraulic pressure 12d 
acting in the chamber 40 is relieved suffi- 
ciently, the piston 52 Will move to the extreme 
righthand edge of the chamber 40 causing 
the cone to move to its extreme ri^thand , . 
position. 125 

During the forging operation, forces ^fe 
induced in the flange connector FC which 
Would tend to rotate it relative to the pipe 
Section S. To prevent this rotation., a pliira- . ^ 
lity of slip segments for example six; 130 



are positinned along the base of the colhr 
IL A --slip bowl 88 having an Intemally 
tap^d; wedging surface 89 is ppsitioned 
over pppd?itd[y inclined, wedging surfaces 90 

. formed on the slip segments 87. As the bowl 
88 is, moved longitudinally rdative to the 
slip segmeaits 87 in the direction of the arrow 
J9. laterally inwardly, directed forces are 
exerted on the slip segments causing teeth 

10 91 along the lower internal surfaces of the 
slips 87 to bite into the outer surface of the 
pipe segments S. A gripping force is thereby 
produced which holds the slips stationary 
relative to the pipe section S. Longitudinal 

15 forces are applied to the slip segmaits by 
hydraulic pressure which acts within longi- 
tudinal, bores 92 formed in the base of the 
slip bowl 88; These bores cooperate with 
piston -heads 93 to form a chamber 94 which 

20 is s^ed by 0-ring seals 95 and 96: A con- 
necting shaft 97 extending from the piston 
head ,93 is threadedly engaged to the base 
of the collar 11 to hold the piston head 
stationary relative to the collar. The shaft 

25 97 passes through an oversized bore 98 in 
the slip segment 87 to permit longitudinal 
movement of the slip relative to the shaft. 

Hydraulic fluid is supplied to the diamber 
94 by a hydraulic line 99. The application 

30 of pressurized hydraulic fluid to the chamber 
94 forces the slip bowl 88 in the direction 
of the arrow 39. This movement functions 
through the contacting, wedging surfaces 98 
and 90 to exert a laterally inwardly directed 

?5~ force on the sKp members 87 causing the 
teeth 91 to firmly grip the external surface 
of the pipe section S. A plurality of such 
chamber and piston assemblies are prefer- 
ably provided in the slip bowl 88 to apply a 

40 r uniform gripping force around the assembly. 
The described assembly thus functions when 
hydraulic fluid is applied to the line 99 to 
prevent relative movement between the flange 
connector FC and the pipe sections. 

Operatimcf the Embodiment of Figs. 2, 3 
and4 

With the pipe section S on the bottom of 
. a water body, it may be desirable to ex- 

50 cavatCi with a jetting means or otherwise, 
a large cavdty to provide adequate room for 
equipment and personnel. Once the end of 
the pipe section S is accessible, the pipe end 
is intemally tapered as illustrated in Fig. 2 

55 using any suitable conventional grinding or 
catting, means or other suitable means. (In 
certain of the joints to be hereinafter des- 
cribed, there is no necessity to bevel .the 
ends .Qf the pipe section.) 

60 The flange connector FC is positioned 
over the pipe section S as illustrated in Fig. 
2 with the bevelled end of the pipe section 
in engagement with the undercut surface 
15d so that the flange connector and end 
of :the. pq)e . section S are properly indexed. 



Hydraulic pressure, is then applied/ to the 
conduit. 99 to cause the fiaige connector to 
be^rigidly ;secured to the pipe se<^on S. The 
foripng^.assembly 30 is then inserted mto the 
end of the flange connector and the bolts 70 
73 are positioned to hold tiie assembly in 
place as illustrated in Fig. 2. The pressurized 
ga$ in the chamber 86 maintains the cone 
38 in its extreme rig^t-h&nd location so that 
the roflers 32 are free to retract radially as 75 
they ai6 positioned within the end of the 
pipe section S. During the insertion pro- 
cedure, the garter springs 37 function to 
urge the rollers radiaOy mwardly and hold 
the rollers in place within the cage 31. 80 

Fluid pressure is supplied through the 
hydraulic line 41, the hydraulic swivel 42, 
central shaft bore 43, transfer bore 45, even- 
ing 47, radial opening 48, and annular open- 
ing 51 to the diamber 40. Pressurized fluid 85 
acting in the chamber 40 drives the piston 
52 in the direction of the artow 39. Piston 
movement is transferred through the center 
shaft 49 to the.nut 53, spacer 54 and transfer 
plate 55 which engages the large diameter 90 
end of the. cone 38. As the cone '38 moves 
in the direction of Ae arrow 39, it draws 
the outer conical surface of the c^one into 
engagement with the outer conical surface 
of the rollers 32. This in turn causes the 95 
rollers 32 to move laterally outwardly into 
finn wigagement with the internal surface 
of the end portion 12 of the pipe section S. 
Hydraulic power is then applied to the 
motor 79 throu^ the ports ^ and 81 caus- 100 
ing the pinion gear 92 to rotate th ring gear 
71. Rotation of the ring gear causes the 
shaft 44 to rotate which in turn imparts 
rotary motion through the bolts 84 and con- 
nector 83 to the connector sleeve 50. This 105 
rotational movement acts through the spline 
connectors 57 and 58 to impart rotary 
motion to the cone 38. 

Rotation of the cone 38 against the rollers 
32 causes the rollers to rotate, which in turn 110 
causes the cage 31 to rotate rdative to the 
sleeve 50. The hydraulic power applied 
through the line 41 and to the motor 79 is 
continued as required to force the rollers 
outwardly sufficiently for forging the pipe 115 
end 12 into the collar recess 16. While the 
joint is being forged, the access means 20 is 
employed to permit escape of any trapped 
fluid between the pipe end 12 and the collar 
11. When the joint has been forged into 120 
the configuration illustrated in Fig. 4, a 
connector (not iDustrated) secured in the 
threaded socket 21 is employed to apply 
hydraulic fluid pressure to the access means 
20 which in turn communicates with the 125 
annular chamber 19. If the joint betwe^ the 
pipe end 12 and collar 11 is inadequate, the 
pressure of the fluid in the diamber 19 will 
decrease during the test period. If this 
occurs, the forging operation is rqpeated, if 130 
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di^ed, using additional laterally directed 
forging forces by increasing the pressure .of 
the -hydraulic fluid suppHed through the line 
41. The test is again repeated to verify 

5 formation of a good joint. If the joint will 
still not hold pressure along the chamber 
19, the forging procedure is again repeated. 
When a good jomt is obtained, the hydraulic 
line connected to the socket 21 is removed 

10 and the plug 22 is threaded into place to ' 
s^ the access opening 20 and chamber 19: 
When the joint has been successfully 
forged, the hydraulic pressure in the line 41 
is terminated causing the compressed air in 

15 the chamber 86 to force the piston 52 and 
the cone 38 in the direction opposite to the 
direction of the arrow 39. By thus displacing 
the cone relative to the rollers 32, the rollers 
are freed to move laterailjj inwardly. Trans- 

20 fer tube 46. functions to maintain the required 
pressure sed in the chamber 86 as the piston 
52 jnoves to its bottom position where the 
chainber 40 contains its minimum volume. 
The transfer tube correspondingly functions 

25. to assure adequate pressure communication 
between the hydraulic fluids supplied from 
the line 41 to the pressure chamber 40 when 
the piston 52 is at the far righthand extreme 
of its motion. 

30 ' With the pressure in the chamber 40 re- 
leased, the bolts 73 are removed and the 
forging assemblyis extiacted front the flange 
connector FC. The hydraulic connectors to 
the chambers 94 are disconnected an<] the 

35 . joint is complete. Thereafter, a second flange 
connector may be mated against the plate 14 
and suitable rings, bolts and other customary 
components may be employed to securely 
connect the inatrng flange cotmectors to- 

•40 getherinalcakproof joint. 

If desired, the slip and bowl assemblies 
may be removed for use in forming a second 
connector. To this end. the slip bowl 88 is 
comprised of a series of segments rather 

45 than a continuous annular body. The lock- 
ing assembly is removed by unthreading the 
shafts 97 which release die slip s^ments 
and bowl segments from engai^ment with 
the collar 11. 

50 Figs. 5 and 6 illustrate a modified joint 
assembly which may be formed using the 
forging assembly 30 described with reference 
to the iRjgs. 2, 3 and 4 and following the 
method described with respect to such figures. 

55 The modified joint of Figs. 5 and 6 includes 
an annular collar 100 which is simDar to the 
collar 11 of Figs. 2— 4. The collar 100 is 
equipped with a locking recess 101 which 
includes a first curved section 102, a shoulder 

*60 103, a seiDond curved section 104 and an 
^d shoulder 105. An access passage 106 
communicates with a threaded bore 107 for 
the same purpose as described previously 
iwith reference to die joint illustrated in I^gs. 



An annular filler means indicated generally 
at 108 is positioned , at the end of a tubular 
body 109. The filler means .108 includes an 
outwardly , extending rim 110 and annular 
body portion 111. The rim 110 is positioned 70 
between the end of the body 109 and the 
recess shoulder 105. The shoulder 105 thus 
functions as an indexing means which en* 
sures that the filler 108 and pipe 110 are in 
proper relative position. The rim .110 also. 75 
functions to ensure that the filler 108 is pro- 
perly positioned relative to the end of the 
tubular body 109 and the recess 101. 

Forging: the joint using the forging appa- 
ratus 30 in the manner previously described 80 
produces a joiiit as illustrated in Fi^ 6. In 
this joint, file body 109 has an mtemal 
flow passage 112 which has the same lateral 
dimensions as the longitudinal opening . 113 
extending through the collar 100. When the 85 
joint is forged using the apparatus 30, the 
joint passage indicated generally at 114 has 
substantially the same lateral dimensions as 
both the opening 112 and the opening 113. 
This is accomplished with assistance from 90 
the filler means 111 which, during the forg- 
ing procedure, fills in the yo\d, provided by 
the recess 101. 

The filler means 108, which is removably 
received within the body 109 cooperates with 95 
the end of the body 109 and the contour of 
the recess 101 to leave a chanaber 115 after 
the forging has been accomplished. The 
chamber 1 15 is annular and communicates 
with the access means 106 to provide ari 100 
escape passage for trapped fluids and to 
permit testing of the joint 

Hie collar 100 shown in Fig. 5 may be 
connected to one end of a pipe section, to 
a flange plate or to any . other type body. 105 
Similarly, the body 109 may be me end of 
a pipeline, or a fitting which in turn is con- 
nected to another fitting means, or other 
device. 

Figs. 7 and 8 illustrate another joint in 110 
which three tubular bodies are connected 
together using the forging apparatus of the 
present invention. The connector of Figs. 7 
and 8 may be of the type indicated as C2 
in Fig. 1. 115. 

If the joint illustrated in Figs. 7 and 8 is 
to be employed, for example, as a midline 
conector to form the connector C2, a modi- 
fied forging apparatus, similar to those to 
be hereinafter described, is employed for 120 
providing the forging force. Such modified 
for^ng means are required, for example, 
where the pipe end is not readily accessible 
as in the case of the joint described with 
reference to Figs. 2 — 4. 125 

In Figs. 7 and 8, a first tubular body 201 
is shown received within one end of a second 
tubular body or collar 202. A third tubular 
body 203 is received in the oppositie end of 
the collar 202. A longitudinal central pass- 130 
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age 204 fjxtends through the body 201 .and 
at^similar pasisage 205 extends througji th& 
body 203. :The bodies 201. and 203 majr be/ 
fofi 'example, jape segmOTts at the end of 
5. submerged pipdines. Of course, it will be 
appreciated that the bodies 201 and 203 may 
be any other tubular bodies whidi are to be 
joined together. . 

. The esids of the bodies 201 and 203 engage 
an annular indexing ridge 206 formed along 
the external surface of an annular filler 
means 207 whidi is received within the end 
openings of the two bodies. Tht second 
body or collar 202 includes a locking recess 

15 208 formed along the internal surface of 
the collar. The recess 208 includes a cylm- 
dncal surface 209 disposed between tapered 
surfedes 240 and 211 at each end of the 
fecSess. An access' opening 212 extends radi- 

20 ally thrbugh the collar 202 from . the locking 
recess 208. A hydraulic.llne 213 is sealingly 
engaged "with : an . internally threaded bore 
214 to provide fluid communication, between 

• the access openmg 212 and" the hydraulic 

25 line.; 

The asstjcmbly illustrated in Fig. 7 provides 
an overlapping joint area J A comprise of 
die ends of the pipe segments 201 and 203 
within the collar 202. The joint is formed 

30 by forging the filler means 207 and the ends 
of pipe segments 201. and 203 laterally out- 
wardly in this overlapping ■ joint area and 
into the locking recess 208 as illustrated, in 
Fig. 8. A resulting joint opening 215 is 

35 produced which has the same lateral dim^- 
sions as the openings 204 and 205 in the 
joined pipe segments. 

A chamber 216 is also formed between 
the outer surface of the ridge 206, the ends 
of the pipe segments 201. and 203 and the 
cylindrical surface 209 of the collar 202. The 
chamber 216, which is annular and extends 
completely around the joint, is employed for 
testing and to prevent fluid entrapment. 

45 When the ' |)roper joint has been formed, 
a plug 217 is threaded into the bore 214 to 
seal the p&ssage.^ • - ^ . . 

Fig. 9 illustrates a -modified form of the 
^ invention in which a modified forging appa- 

50 ' ratus 300 is employed to form a connection, 
such as the coiinection C3, for the ptirpbse 
of connecting together misaligned pipe seg- 
ments 'SOI and 302. To this, end, midline 
connectors 303 and . 304 are employed to 

55- secure a precurved pipe %segmenf 305 to the 
ends of pipe segments 301 and 302. The 
joints 303 and 304 are similar to the joint 
illustrated with reference to .Figs. 7 and 8. 
; The curved pipe -segment 305 is welded 

50: together or otherwise 'shaped . to accomido- 
dafe the misaligntnent between pipe segments 
3C^ and 301. Where the pipe segments "301 
arid 302 are submerged pipdines or Conduits; 
the! section 305 is fabricated above: wia^ter 

^5: using Iconvenfiorial * welding of .other: coiif 



yen^nal pipe fonriing techniques The. forgir^ 
irig assembly 300 is thai positioned "wi^hin. 
the pipe sclents 305 at the surface !and 
the composite assembly is lowered -througjD 
the water into position betwe^ pipe seg-^: 70 
ments 301 and 302. : <r v 

The forging assembly. 300 includes a foig* 
ing head 306 illustrated in forging position 
within ihe joint 303 and a second for^g 
head 307 illustrated in forging position with-. 75 
in the joint 304. A central drive and supply 
assembly indicated generally at 308 is em- 
ployed to supply rotary mechanical power 
and pressurized hydrauUc fluid to the forg-. 
ing heads 306 and 307. Mechanical power 80 
is supplied to a ring gear 309 which acts 
throu^ a shaft 310 to impart rotary motion 
through a universal joint, indicated genoally 
at 311, to a slip spHne^ 312:.The slip spline 
in turn acts throu^ a second universal joint 85 
313 to rotate a central drive ^aft 314. . • - . 

The shaft 314, when rotated, functions like 
the shaft 44 described with reference to Fig. 
2, causing a; central drive cone in the head 
307 to rotate and in "turn impart rotary 90 
motion to a plurality of conical rollers 315.* 
Hydraulic fluid for longitudinally moving 
the cone in theTiead 307 is isupplied by a 
conduit 316 which extends throu^ the diaft 
314, through the uiiiversal joint 313, through 95 
the slip ^line 312, through the universal 
joint 311, and' through the ring gear 309 to 
a rotating hydraulic swivel 317a. The con=- 
diiit includes flexible sections in the areas 
of the U-joints 311 and 313 and telescoping 100 
segpents within the spline 312 so that the 
spline may be elongated and foreshortened 
and the coiuiult may be flexed and' bent 
without loss of fluid ^r^iire in the conduit 
316. Devices of this type, are conventional 105 
and well known and any suitable means .for 
transporting the necessary mediamcal and 
hydraulic power to the foiging heads may 
be employed. The operation of the forging 
head 307 is identical to that described pr&i 110 
viously with reference to the forging assembly 
illustrated in Figs. 2 and 3 with tiie exceiH 
tion that the power and hydraulic fluid are 
supplied differaitiy. 

The forging head 306 which is identical 115 
to the forgmg head 307, but oppositely disr 
posed, is propelled by a slip splme 317 and 
supplied by a hydraulic line 318. A ring 
gear 319 rotates the spline 317 which in turn 
rotates the drive cone included in the foigihg 120 
head 306: , . 

The ring gears 309 and 319 are mounted 
within a rigid housing 320. A pinion gear 
321 engages both of the ring ;^rs.'.Wieii 
the "gear 321 rotates a counter-rotating anov^ 125 
meat is -imparted to the" two 'ringr gears; 
Tliusr f or example, if the ring gear 309 is 
rotated -*in a- ck)ckwise directicHi,'- the*' ring 
ge^* 31?. is rotated- ih a counterdbckwise 
direction. The rotary hydraulic swivels-Si? 130 
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is conventional . and operates to maintain 
fluid connection between the rotating hy- 
draulic conduits 316 and 318 and a station- 
ary inlet supply line 322. 

'5 A square shaft 323 fixed to the base of 
the pinion^ gear 321 engages a square hole 
fc^ed in a drive sleeve 324 so that rotary 
motion in the sleeve 324 is imparted to the 
shaft 323 and in turn to the pinion, gear 321 

10 for effecting the described counterrotation 
of the ring ^rs 319 and 309. The sleeve 
324 is a part of a hydraulic motor drive 
assembly 325 which is bolted onto a flange 
plate 326 in a lateral connector opening 327, 

15 A hydraulic line 328 supplies pressurized 
hydraulic fluid to the motor 325 whidi en^- 
gizes the motor yfhidi m lum imparts rotary 
motion to the drive sleeve 324. 
A second lateral connector opening 329, 

20 disposed diametrically across from the open- 
ing 327, receives a hydraulic supply line 330 
which slips over the end of the inlet supply 
Mne ^22. Hydraulic fluid supplied by the 
line 330 is transmitted through the line 322, 

25 to the rotary hydraulic swivel 317a and the 
tubes 318 and 316 to the two foiging heads. 
The entire assembly 308 Is centr^^ mtb- 
in the pipe segment 305 by rubber discs 331 
and. 332. 

30 

Opercnion of the Embodiment ol Fig. 9 

Assuming that two misaligned pipe seg- 
ments are to be connected below the surface 
of the water, an access hole is preferably 

35 excavated in the water bottom to provide 
ample room for the men and equipment to 
be employed in forming the connection. Tlie 
pipe segment 305 is preformed at the surface 
and the forging assembly 300 is i>ositioned 

40 within the segment with the forging heads 
306 and 307 being pushed inwardly toward 
the drive and supply assembly 308. In this 
configuration, the slip splines 312 and 317 
are fully collapsed so that the forging heads 

45 are completely contained withm the pre- 
curved pipe segment 305. 

The collar jrortion 304a of the joint 304 
is positioned over the pipe segment 301 and 
the end collar section 303a of the joint 303 

50 is positioned over the pipe segment 302. The 
pipe segment 305 is then placed between 
the ends of segments 301 and 302 and the 
collar segments 304a and 303a are centered 
over the joint area as Dlustrated in Fig. 9. 

55 The supply line 330 is. inserted, through the 
lateral opening 329 and positioned over the 
inlet.line 322. The-drive sleeve 324 is inserted 
into the lateral opening 327 and over the 
square drive shaft 323; The motor 325 is 

60 then bolted onto the fliahge 326 of the open- 
ing 327 to hold the motor in place.. 

Hydraulic pressure is applied from the 
line 33Q and is imparted to the tubes 316 
and 318; This hydraulic pressure initially 

65 causes! the splines 312 and 317 to dongatie 



which in turn forces the for^ng heslds 306 
and 307 out of the pipe segment 305 sind 
into the positions illustrated in Hg. 9. Stops 
(not illustrated) are provided on the s{dihe 
shafts 312 and 317 to ensure that the forging 70 
heads are pushed to the correct position for 
forming the joints 303 and 304. These stops 
are set at the surface using any conventional 
means. ■ ' . ' ^ 

With the forging heads positioned as Dlus- 75 
trated in Fig. 9, hydraulic pressure, is again 
suppHed through tiie line 330 to cause the 
drive cones in both pi the forging heads to 
force the rollers radially outwardly into the 
overlapping joint area. Hydraulic fluid power 80 
is supplied through the line 328 to supply 
the motor 325 which in turn forces the ^eeve * 
324 to rotate. Rotation of the sleeve 324 
causes the shaft 323 to rotate which in turn 
rotates the pinion gear 321 effecting counter- 85' 
rotation of the ring gears 319 and 309. Thus, 
the for^ng heads 306 and 307 are supplied 
with rotating mechanical powerand hydraulic 
power for exerting hteraUy outwardly 
directed forces on the rollers in eadi of the 90 
forging heads. By thiis means, th6r pints 304 
and 305 are f or^ in the manner described 
with reference to the previous embodiment. 

For purposes of illustration; Fig. -9 illus- 
trates the joint 303 as it appears when forged 95 
and joint 304 as it appears belore the- jouit 
is forged. In practice, it will be appreciated 
that botii joints will be forged simultaneously. 
The counterrotation of the two forging hestds 
produced during the forging steps produces 100 
offsetting torque forces which prevent the 
assembly 308 from" rotating; Hie rigidity of 
the drive sleeve 324 also assists in preventing 
rotation of the entire forging assembly 300 
within the pipe segment 105 

While a conventional filler means 304b 
with an indexing means 304c may be em- 
ployed at one end of the connection^ pro- 
vision is made at the opp<»ite end for use 
of a filler means 303b which has no indexing 110 
ridges to be positioned after the pipe sections 
302 and 305 are in place. This is done by 
temporarily affixing the filler means 303b 
centraUy over the roHers^ of the forging, head 
306. The filler means 303b is properly posi> 115. 
tioned in the overlapping joint area when 
the forging head is pushed into its forging 
position. The forging step overcomes the 
temporary adhesive or fixing means so that 
the forging head may be retrieved leaving 120. 
the filler forged in place: It will- be appre- 
ciated; alsoi. tiiat if necessary; a joint similar 
to that described in Figs. 2^ may b^ em- 
ployed without the use of ar fillec mestos. 
Other suitable joinfe of tiie type hereinafter 125 
described may also be employed. 

After the joints 30S and- 304 have been 
formed, the line 330 is^ removed fnom^ the 
opening' 329 and the motor 325 and" shaft 
324 are removed from the lateral <q)eiting 130 
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327. Metal flange plates (not illustrated) are 
bolted or otherwise secured to. the lateral 
openings to seal off the passages. The entire 
for^g assembly 300 . is then pump^ or 
'5 otherwise (displaced tHrough the pipe seg- 
ments 301 or 302 to a pig trap or other 
recovery place where it is remov^ from the 
pipeline. 

Fig, 10 illustrates a modified connector in 

10 whi(£ a first pipe segment 402 is* secured to 
a second pipe se^ent 403 which in turn is 
connected to a third pipe segment 404. The 
connector of Fig.. 10 is of &e type indicated 
at CI in Fig. 1. The segment 403 is adjust- 

15 able so that its total curve may be altered 
to accommodate the misalignment between 
the pipe segments 402 and 404. A modified 
forgbg assembly/ indicated generally at 405, 
is mployed in for^ng the multiple joints 

20 employed in the connection. The pipe seg- 
ment 403 includes two rotational couplings 
indicated generally at 406 and 407. The 
coupling 407 connects together a first cuived 
rotational section 408 and a jrelatively rota- 

25 tional section . 409. The coupling 406 con- 
nects together the section 408 and a rda- 
tively rotational section 410. The ends of 
the sections 410, 408 and 403 are enlarged 
and are loosely received within locking 

30 recesses in tiie joints 406 and 407. ThQ joints 
406 and 407 initially retain the sections 
together, while permitting relative rotational 
movement between the sections. 
The joint 406 includes a collar 411 com- 

35 prised of parts 411a and 411b, weldwi 
together to form the locking recess which 
holds the enlarged end of the connected seg- 
ments 408 and 410. An annular filler means 
412 is positioned between the segments. 

40 Similarly, components 413a and 413b are 
welded together to form a collar 413 which 
holds together the enlarged ends of the pipe 
sections 408 and 403 in ihe joint 407. An 
annular filler 414 is disposed between the 

45 ends of the two pipe sections. The end joints 
include a collar section 415 at the end of the 
pipe section 410 and a collar section 416 at 
the end of the pipe section 403. 
Forging heads 417, 418, 419, and 420 are 

50 driven by a power and supply assembly 421 
. in a manner similar to that described pre- 
viously with respect to the assembly of Hg. 
9. Suitable linking means are provided be- 
tween the assembly 421 and the various forg- 

55 ing heads to transmit rotary mechanical 
power and hydraulic fluid pressure to the 
forging heads in a manner sinrilar to that 
previously described. 
The assembly of Fig. 10 permits the pipe 

60 segment 402 and the pipe segment 404 to 
be connected even thou^ the precise mis- 
aligiimait between the two is not known 
b^ore the connector 403 is put in place. This 
is effected by rotating die segments 4(^, 408 

^5 and* 410 relative to each other within the 



collars 411 and 413 until the s^ment 403 
attains a desired total curve suflSdent to join 
the segments 402 and 404. Thereafter, hy- 
draulic power supplied to the assembly 421 
causes the heads 417 and 420 to ^rtend into 70 
proper position , within the joints 415 and 
416. The heads 418 and 419 are preposi- 
tioned and fixed within the segm^t 403 
before the segment is lowered into the water. 

The application of rotary motion to the 75 
assembly 421 causes the forging heads to' 
exert radially outwardly directed forging 
forces which in turn form secured, sealed 
joints at each of the overlapping joint areas. 
The heads 419 and 420 rotate in one direc- 80 
tion and the heads 417 and 418 rotate in 
the opposite direction. The forged joints are 
tested as previously described and reforged 
if necessary. Once the for^g occurs, the 
jomts 406 and 407 are no longer relatively 85 
rotational and a tig^t fluid joint is formed be- 
tweeai the rotatioml sections. The hydraulic 
supply and mecham'cal supply lines are re- 
move from tiie ass^bly when the joints 
have been properly fonned. Hie lateral 90 
access openings are sealed and the forging 
apparatus 405 is removed from the pipeline. 
Components and procedures employed in the . 
form of the inv^tion ilustrated In Fig. 10 
but not expressly described are similar to 95 
corresponding components and procedures . 
described elsewhere herein. 
• It may be noted that a modified form of 
joint is illustrated in the joints 415 and 416. 
In these forms of the joint, plural access 100 
openings such as 415a and 415b are con- 
nected to the external test line to prevent 
fluid entrapment and to also permit testing 
of the joint. It will be appreciated that the 
internal flow passage formed within the joint 105 
415 and the joint 416 will be sli^fly larger 
than that of the adjoining pipe segment. By 
contrast, the passages throu^ the jomts 406 
and 407 will have the same lateral dimen- 
as that of the adjoining pipe segments be- 110 
cause of the presence of the filler material. 

A modified joint is illustrated generally 
at 450 in Fig. 11. A first tubular body 451 
is to be jdned with a second tubular body 
452. The overlapping joint area indicated 115 
generally at 453 includes a filler means 454 
which is integraUy formed with the tubular 
body 451. The filler means 454 is in the 
form of ah annular internal ridge which pro- 
jects inwardly from a longituduially extend- 120 
ing passage 455 included in the first body. . 
The passage 455 has the same lateral dimen- 
sions as a longitudinally extending flow pass- 
age 456 formed internally of the body 452. 
An annular collar 457 is integrally formed 125 
at the end of the tubular body 452. Hie 
collar 457 includes an annular internal lock- 
ing recess 458 which accommodates the 
material mcluded in the filler means 454 and 
the end portion of the tubtdar.bddy 451 130 
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which is forced outwardly during the forg- 

• ' ing procedure. An annular channel 459 
formed along the internal surface of the 
collar 457 cooperates with an access means 

5 460 to provide a fluid vent and a test cham- 
ber m the manner and for the purposes 
previously described. The outside diameter 
of the members 451 and 452 are the same 
and the end opening 461 of the collar is of 

10 the same size so that the tubular body 451 
is receivable within the end of the body 452. 
The opposite internal surface 462 of the 
collar 457 functions as an indexing means to 
assist in properly positioning the end por- 

15 tion, mcluding the filler means 454, of the 
tubular body 451 within the collar 457. 

During the forging procedure, a forging 
means is disposed within the end of the 
body 451, internally of the filler means 454. 

20 The forging means forges the filler 454 and 
the end of the body 451 laterally outwardly 
•into the recess 458. The dimensions of the 
recess 458 are such as to receive so much 
of the filler means and the end of body 451 

25 as is required to form an internal opening 
463 through the joint of substantially the 
same lateral dimensions as those of the 
passages 455 and 456. The for^ng thus pro- 
duces a tight, locked-together joint between 

30 the bodies 451 and 452. The annular groove 
459 forms a diamber with the external 
surface of the tubular body 451 so that the 
fluid trapj^ed between the end portion and 
the overlying collar may be communicated 

35 to an area ei^ten^al to the chamber and 
further permits testing of the joint to ensure 
pr^er sealing. 

rig. 13 illustrates a modified joint indi- 
. cated generally at 500. The joint 500 is 

•40 simUar to the previously described joint 450 
with the exception that first and second 
tubular bodies 501 and 502 include an over- 
lapping joint area 503 in which a filler 
means 504 is separate from the first and 

•45 second bodies. The filler 504 is an annular 
member which has a tubular body portion 
504a received within the end portion of the 
body 501 and an external rim section 504b 
wiiich produces the same effective function 

50. as the previously described joint 450. The 
advantage of the joint 500 is that the un- 
modified end of a pipe segment 501 may 
be equipped with the removable filler means 
whereas the joint 450 requires preforming 

55 of the end portion of the tubular body to 
provide a filler means. 

Fig. 14 illustrates the joint after forging. 
As with the previously described joint 450, 
the internal passage through the joint has 

•60 the same lateral dimensions as the flow 
passage through the joint pipe segments 501 
and 502. In other respects, the joint 500 is 
similar to the joint 450. 
Figs. 15 and 16 illustrate still another 

t65 embodiment of joint indicated generally at 



600. The joint 600 employs no filler means 
so that the riesulting joint passage has a 
larger lateral opening than the longitudinal 
flow passages through the joined tubular 
bodies 601 and 6021 A plurality of grooves 70 
603 are formed along the internal surfaces 
of a locking recess 604 provided within 
a collar 605 which is integrally formed with 
the tubular body 601. Chamber grooves 606 
conmaunicate through access passages 607 . 75 
with the external area of the collar 605 to 
provide venting and testing functions as 
previously described. 

The forged joint is illustrated in Fig. 16. 
The several recesses 603 assist in locking the 80 
two bodies 601 and 602 together and further 
assist in providing a leakproof seal in the 
joint. 

Figs. 17 and 18 illustrate a modified joint 
generally at 700. The joint 700 is employed 85- 
to secure together a fi[rst tubular body 701; 
a second tubular body or collar 702 and a 
thurd tubular body 703. As with the pre- 
viously described embodiments, the tubular 
body 701 and/or 703 may be the ends of . 90 
pipdines, the ends of flange .connectors, or 
may be tubular portions of any other device. 
An annular filler means 704 ds positioned 
within the end portions of both of the bodies 

701 and 703. An mdexing ridge 705 formed 95 
along the ext^nal surface of the filler means 
704 fuhctbns as a stop which properly 
indexes the end portions of the tubular 
bodies 701 and 703 relative to the filler 
means 704. An internal annular projection 100 
706 extending radially inwardly from a lock^ 
ing recess 707 in the collar 702 similarly 
functions as a stopping means which indexes 
the end portion of the bodies 701 and 703 
relative to the collar 702. 105 

In assembling the joint 700, the collar 702 
is first placed over the end portion of the 
tubular body 701, the filler means 704 may 
then be positioned within the end portion 
of the tubular body 701 or may be pre- 110 
viously disposed therein, or if desired, may 
be disposed within the end portion of the 
tubular body 703. The body 703 is then 
inserted into the opposite end of the collar 

702 so that the components of the joint 115 
assembly are in the positions illustrated in 
Fig. 17. 

The indexing ridge 706 includes tapered 
side surfaces 708 and 709. These end sur- 
faces are designed to fit smoothly against 120 
the end surfaces 701a and 703a, respectively, 
of the tubular bodies 701 and 703 when the 
joint is forged. Annular grooves 710 and 
711 are formed along the internal surface of 
the recess 707 to function as exhaust con- 125 
duits and to form a portion of the test 
chamber for the purposes previously des- 
cribed. Oppositely tapered surfaces 712 and 
713 within the recess 707 each meet, respec- 
tively, with cylindrical surfaces 714 and 715 130 



12 



12 



whidi in turn each respectively meet with 
smaller tapering surfaces 716 and 717. These 
surfaces provide an internal locking recess 
which has a contour designed specific^y 

•5' to receive the outwardly forgal ends of the 
tubular bodies 701 and 703 to provide a 
sup^ior joint Similarly, the external end 
surfaces of the filler means 704 are tapered 
as at. 718 to assist in providing superior 

10 Joining and sealing properties in the joint 
700. 

Fig. 18 illustrates the joint after formation 
with the central flow passage through the 
joint having the same lateral dimensions as 

15 the central flow passage through the lubular 
bodies 701 and 703. The annular grooves- 
710 and 711 cooperate with the ends of the 
tubular bodies to form chambers which 
communicate with an area external to the 

20 joint tiirou^ access openings 122 and 723. 
As with the previously described embodi- 
ments^ once the joint is properly formed, 
a plug or other device is inserted into an 
internally threaded socket 724 to seal the 

25 access openings. 

The foregoing disclosure and description 
of the invention are illustrative and ex- 
planatory thereof, and various changes in 
the invention may be made within the scope 

30 <rf the appended claims. Thus, by way of 
GXBxaplc rather tiian limitation, while the 
invctntion has been described for underwater, 
k may be eii^)Ioyed to advantage in con- 
necting such eonduits above water. Thus, 

^5 ; use for surface pipeline connections or to 
ioin pipe on a surface vessel before the pipe 
is lowered into the water are well within 
die scope of the present invention. Simflarly, 



the invention may be used to fabricate struc- 
tures such as ofl&hore production platforns 40 
and other structures winch employ inter- 
connected tubular bodies in their construc- 
tion. . .» 

Reference is made to co-pending Applica- 
tion No. .14057/77 (Serial No. 1,582,391) 45 
which has the same disclosure as herein bat 
has.claims directed to different features. 

WHAT I CLAIM IS: — 

1. A forging apparatus for exerting a 50 
laterally outwardly directed forging force on 

the internal surface of a surrounding body 
comprising : 

(a) a xptatable mounting means; 

(b) a plurality of tapered rollers, each of 55 
which is rotatably carried along its longt. 
tudinal axis in said mounting means for roU- 
ing engagement over said internal surface of 
said surrounding, body, 

(c) a tapered spreader means carried by 60 
said mounting means and disposed centrally 

of said rollers and in rolling engagemeiit 
there\wth; 

id) hydraulically actuated extending 
means for moving said spreader means along 65 
its central longitudinal axis for extending 
said rollers radiaUy; and 

(e) rotating means for rotating said 
roUers. 

2. A forging apparatus substantially as 70 
hereinbefore described with reference to any 
one of the embodiments illustrated in the 
accompanying drawings. 

CRUIKSHANK & FAIRWEATHER,. 
19 Royal Exchange Square. 
Glasgow Gl 3AE. 
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